OCEAN THERMAL ENERGY CONVERSION ON
THE HIGH SEAS: TOWARD AN
INTERNATIONAL REGULATORY
REGIME

Ocean thermal energy conversion (OTEC) is a novel method of
harnessing energy availablefrom the temperature difference between the surface and deep water layers of tropical oceans. Development of OTEC could result in the deployment of large
numbers of OTEC devices on the high seas. This Comment examines alternativesto traditionalInternationalLaw of the Sea for
regulatinghigh seas OTEC devices. The Comment suggests that a
specialized definitional statusfor OTEC devices be adopted and
emphasizes the needfor a unified OTEC regime.

INTRODUCTION

Efforts to accommodate world energy demand in the future may
be jeopardized by the depletion or questionable availability of
conventional energy resources.' Energy experts' predictions that
this scenario will soon become reality have spawned an atmosphere of urgency for the development of alternative energy
forms. 2 The ocean is an important potential alternative energy
source. One method of utilizing this source is ocean thermal en1. "In the absence of greatly increased energy conservation, projected world
demand for oil will approach productive capacity by the early 1980's and substantially exceed capacity by 1985." U.S. CENTRAL INTELLIGENCE AGENCY, THE INTERNATIONAL ENERGY SITUATION: OUTLOOK TO 1985 (April, 1977). Somewhere between
1985 and 1995 the world may be faced with a real shortage of energy. C. WILSON,
ENERGY: GLOBAL PROSPECTS 1985-2000 (1977). "[The] Arab oil producing nations

have demonstrated the cataclysmic effect of oil denial upon the economies of industrial countries." Finlay & McKnight, Law of the Sea: Its Impact on the International Energy Crisis, 6 LAw & POL'Y IN INT'L Bus. 639 (1974). The Middle East has
control of nearly two thirds of the world's oil reserves. Apart from eventual natural depletion, the political unrest in the Middle East is causing grave concern over
future oil supplies. C. FiNCHAM & W. VAN RENSBURG, BREAD UPON THE WATERS

(1980).
2. See, e.g., Alternative Energy Resources: An InternationalApproach, 16
COL. J. OF TRANSNATIONAL L. 386 (1977).
April 1981

Vol. 18

No. 3

ergy conversion (OTEC).3 Accelerated development of the ocean
thermal energy conversion process would likely precipitate considerable activity on the high seas.4 Existing international mechanisms that regulate high seas activities may be incapable of
accommodating this new technology, or of cultivating appropriate
regulation. 5 This Comment considers elements and approaches of
existing international regulatory regimes which could be modified
or adapted to provide the basis for a workable regime for this
novel energy form.
The Comment begins with a brief description of what the ocean
thermal energy conversion process is, how it works, and what its
attendant advantages are. The focus then shifts to an examination of why this process will raise concern over regulation on the
high seas. A proposal for defining the status of ocean thermal energy conversion, followed by examination and analysis of several
existing regimes for their application toward regulating OTEC,
concludes this Comment.
BACKGROUND

OTEC Operation
Ocean currents, tides, salinity gradients and winds may be harnessed to generate electricity. 6 The most promising ocean energy
technology, which is considered both safe and environmentally
benign, is ocean thermal energy conversion. 7 The term describes
a method for generating power by harnessing the temperature difference between the warm waters at the surface of tropical
oceans and the cold water at greater depths.8
Basic thermodynamic principles which govern the operation of
conventional fuel fired power plants are also fundamental to
3. Keith, The InternationalRegulation of Ocean Floating Energy Platforms,
in LAW OF THE SEA: NEGLECTED ISSUES 275 (J. Gamble, Jr. ed. 1979).
4. See text accompanying notes 31 through 62 infra.
5. See text accompanying notes 63 through 86 infra.
6. N. PAPADAKIs, THE INTERNATIONAL LEGAL REGIME OF ARTIFICIAL ISLANDS 23
(1977); Booda, Ocean Energy Challenges Technology; Grows, SEA TECH., Aug. 1978,
at 14, 16-17; Richards, Ocean Energy Systems Progress,SEA TECH., Jan. 1980, at 17.
7. Swann, Sea Thermal Power, OCEANS, March 1976, at 30.
8. The concept of using ocean temperature differences to generate electricity
is not new. It was first suggested in 1881 by Jacques d'Arsonval, a French engineer. In the 1920's George Claude, a student of d'Arsonval, actually built an OTEC
plant in Matanzas Bay, Cuba. Unfortunately, it was destroyed in a storm two
weeks after its completion. Fuller, Ocean Thermal Energy Conversion, 4 OCEAN
MANAGErENT 241, 242 (1978). The low cost of fossil fuels in intervening years prevented OTEC from receiving serious consideration as an economically attractive
power source until recently. Avery, Ocean Thermal Energy Conversion-Status

and Prospects,MutuE TECH. Soc'y J., April-May 1978, at 9, 10.
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ocean thermal energy conversion. 9 Although the "fuels" consumed in these power generating processes are different, the kind
of machines involved are identical. Common to these generating
schemes are "heat engines"' 0 which drive electric generators.
Nevertheless, the OTEC heat engine is distinct from the heat engine employed in conventional power systems."
Nuclear and fossil-fuel (coal, oil, and natural gas) power plants
must consume fuel to generate heat, which is used to boil water
for steam generation.' 2 This steam drives a steam engine, which
incorporates a turbine-a wheel with fins on it-against which the
steam pushes, causing the turbine to spin. Attached to the turbine is a shaft that rotates to drive an electric generator, thus supplying electricity for consumption. Steam exhausted from the
turbine outlet is condensed i.e. cooled back into water, and
pumped to the boiler for reuse in the boiling process. Thus, the
same water moves through a cycle, and is continuously reused in
9. Heronemus &McGowan, Ocean Thermal and Wind Power: Alternative Energy Sources Based on Natural Solar Collection, 4 ENvr'L AFF. 629, 639 (1975).
10. Whenever there is an available heat source, as well as an available cold
reservoir (referred to by engineers as a cold "sink"), an engine can be constructed
to convert some of the heat into mechanical energy for doing useful work. As one
might expect, these devices are dubbed "heat engines." Technically defined, a
heat engine is a device which operates cyclically or continuously, and produces
work (such as rotating a mechanical shaft), while exchanging heat across its
boundaries. See K. WARK, THERmODYNAmCS (2d ed. 1971); Solar Sea Thermal Energy: HearingBefore the Subcomm. on Energy of the House Comm. on Science and
Astronautics, 93d Cong., 2d Sess. 19 (1974) (statement of Dr. Clarence Zener)
[hereinafter cited as Solar Sea Thermal Energy].
11. For further discussion of the OTEC process, see generally A. HAGEN, THERMAL ENERGY FROM THE SEA (1975); Anderson & Anderson, Thermal Poiwerfrom
Seawater, MECHANAC, ENGINEERING, Apr. 1966, at 88; Avery, supra note 8, at 9;
Booda, supra note 6, at 11; Carlson & Goss, OTEC-A Comprehensive Energy Analysis, MECNICAL ENGINEERING, Jan. 1980, at 32; Dugger, Francis & Avery, Technical and Economic Feasibilityof Ocean Thermal Energy Conversion, in 5 SHARING
THE SU. SOLAR TECHNOLOGY IN THE SEVENT S 9 (K. Boer ed. 1976) (Joint Conference of the Int'l Solar Energy Soc'y of Canada, Inc., Winnipeg, Canada, Aug. 15-20,
1976); Dugger, Olsen, Shippen, Francis & Avery, Tropical Ocean Thermal Power
Plants ProducingAmmonia or Other Products, in WORKSHOP ON OCEAN THERMAL
ENERGY CONVERSION, 3D PROCEEDINGS (Houston, 1975); Fuller, Ocean Thermal Energy Conversion, 4 OCEAN MANAGEMENT 241 (1978); Griffin, OTEC: Powerfrom the
Ocean's Thermal Gradients,SEA TECHNOLOGY, Aug. 1977, at 11; Heronemus & McGowan, Ocean Thermal and Wind Power: Alternative Energy Sources Based on
Natural Solar Collection, 4 ENVT'L AFF. 629 (1975); Homburg, Lindal & El-Raely,
PreliminaryResearch on an Ocean Energy Industrial Complex, in WORKSHOP ON
OCEAN THERMAL ENERGY CONVERSION, 3D PROCEEDINGS (Houston, 1975); Sheets,
Ocean Thermal Energy ConversionPlants: Technical Background, in H.G. KmGGHr,
J. NYHART &R. STEIN, OCEAN THERmAL ENERGY CONVERSION 1 (1977).
12. Swann, supra note 7, at 30.

a closed loop system.' 3 Rather than use water as a working fluid
as conventional power plants do, OTEC plants use ammonia, propane or a freon type refrigerant.14 Warm ocean water is pumped
over coils containing such a liquid, changing the liquid to vapor.
The vapor produced passes through a turbine which drives an
electric generator. This vapor, exhausted from the turbine, is condensed in coils surrounded by cold ocean water.15

40F

Figure 1. Schematic diagram of a closed cycle OTEC plantship.
Warm water enters evaporatornear ocean surface to vaporize the
workingfluid. Cold water is drawn up from the ocean depths into
(Courtesy of the Applied Physics Laborathe condenser
tory/Johns Hopkins University.)
Conventional power plants need a temperature difference of
hundreds of degrees to achieve efficient power generation. They
require very high temperatures to vaporize water for supplying
steam to the turbine in order to produce sufficient kinetic energy
to insure efficient turbine performance. They also require low
temperatures, several hundred degrees lower, to cool the water
vapor back into liquid form after its passage through the turbine.16 OTEC plants do not demand such wide temperature differences. They are capable of generating power with an available
thermal differential of only 300 to 400 F (16.60 to 22.20 C).17
13. Id.
14. Dugger, Francis &Avery, supra note 11, at 9, 12. See Figure 1.
15. Avery, supra note 8, at 9.

16. Swann, supra note 7, at 30.
17. Fuller, supra note 8, at 242. This is so because warm ocean water is suffi-
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In the tropics, the sun heats the ocean's surface, establishing a
layer of water approximately 100 feet deep in which temperatures
reach up to 900 F (32.2' C), depending on the location.18 Cold
water is supplied by ice melting at the polar ice caps. The cold
water sinks below the ocean's surface and moves toward the
equator.19 Consequently, at many oceanic locations there exists
warm water at the ocean surface and cold water at a depth of several thousand feet.20 The resultant temperature difference between these cold and hot ocean layers enables OTEC plants to
generate power through the exploitation of the world's largest
natural solar collector-the world's oceans.
Advantages of Ocean Thermal Power
Development of the ocean thermal power process has potential
worldwide implications. 21 The quantum of energy available for
ocean thermal power generation is enormous. 22 The ocean stores
a sun-sustained energy level of nearly 10,000 times the total world
energy demand for 1973.23 A small fraction of the ocean's thermal
resources could be tapped to vastly reduce global petroleum dependence and to furnish a continuous supply of energy for global
consumption.
OTEC offers at least three important advantages over existing
and proposed alternative energy systems. First, like all solar
technologies, OTEC does not require fuel, because the sun's radiciently hot to vaporize the OTEC working fluid, and cool ocean water is adequately cold to condense the OTEC working fluid back into liquid form after it has
passed through the OTEC turbine. Booda, supra note 11, at 12; Bryan, The Ocean
Heat Balance, OCEANUS, Fall 1978, at 18.
18. Solar Sea Thermal Energy, supra note 10, at 19 (statement of Dr. Clarence
Zener). See Heronemous & McGowan, supra note 9, at 630.
19. Solar Sea Thermal Energy, supra note 10, at 19 (statement of Dr. Clarence
Zener); Heronemous & McGowan, supra note 9, at 639. The vast quantities of
warm and cold water used for "fueling" OTEC plants are continuously renewed by
the natural circulation of the oceans. "Less dense, sun-heated water in the tropics
flows on the ocean's surface toward the poles, is cooled, becomes more dense,
sinks, meanders to the tropics on the ocean floor, rises to the surface, is heated
and begins the cycle again." Swann, supra note 7, at 30.
20. Solar Sea Thermal Energy, supra note 10, at 19 (statement of Dr. Clarence
Zener); Avery, supra note 8, at 9.
21. Heronemous & McGowan, supra note 9, at 651.
22. J. WILIzAMS, SOLAR ENERGY TEcHNOLOGY AND APPLICATIONS 89 (1974).
23. Solar Sea Thermal Energy, supra note 10, at 65, (statement of William E.
Heronemous); &LFRiEDHEIM, MANAGING OCEAN RESOURCES: A PRIMER 55 (1979).

ant energy is the principal power source.24 In contrast to other
solar and ocean energy systems, OTEC can maintain continuous
operation without the need for energy storage capability.25 Second, the basic OTEC process is ecologically benign. 26 Precious
land area is spared from sprawling electrical complexes, and
OTEC's physical power structures will generally not be visible
from shore. 2 7 More importantly, OTEC installations are virtually
nonpolluting. 28 Finally, OTEC does not involve exotic technologies typical of the more glamorous energy schemes such as satellite solar stations, terrestrial thermal farms, photovoltaics, fusion
and nuclear power.29 Therefore, OTEC is likely to enjoy a preferred status as an energy alternative when countries consider
modifying or upgrading their generating capacity in the future.3 0
PROSPECTS FOR DEPLOYMENT ON THE HIGH SEAS

There is considerable potential for OTEC technology to significantly affect the high seas if large numbers of OTEC installations
are deployed. This potential exists for two primary reasons: the
necessity and preference for locating OTEC devices near the
equator and the proscription by international law of OTEC deployment in coastal areas without the consent of the coastal
State.
24. Richards, supra note 6, at 17.
25. Fuller, supra note 8, at 241. By storing the heat of the sun, the ocean surface layers act as a natural energy storage reservoir, permitting uninterrupted
OTEC plant operation twenty-four hours per day throughout the year.
26. Dugger, Francis & Avery, supra note 11, at 10.
27. Id. at 23.
28. Although no harmful effects from the operation of OTEC plants are foreseen, several potential adverse environmental effects have been considered.
These include the impact of a total loss of ammonia from a plant, the possible influence on ocean temperature of large-scale OTEC use, and the consequences of
moving vast quantities of sea water through OTEC plants. At present, the potential impact of OTEC plants is viewed as negligible. Fuller, s-upra note 8, at 253. In
fact, a great favorable impact could be achieved through exploitation of the extra
nutrients and enhanced fish growth which will result from the upwelling of cold
water by OTEC installations. Dugger, Francis & Avery, .supranote 11, at 24.
29. Solar Sea Thermal Energy, supra note 10, at 89 (statement of J. Hilbert
Anderson). OTEC does not call for high energy physics, space engineering or exotic materials. Thus, OTEC plants can be constructed with conventional materials, using present day technology in existing manufacturing facilities. See also, id.
at 27 (statement of Dr. Clarence Zener).
30. Successful deployment of an OTEC installation by the United States
would generate strong demand for OTEC technology by foreign nations. A. HAGEN, supra note 11. Even if the U.S. fails to take the initiative to develop the
OTEC power concept, however, other countries will pursue OTEC development.
Solar Sea Thermal Energy, supra note 10, at 25 (joint statement of Dr. Abraham
Lavi and Dr. Clarence Zener).
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Technological Preference
There are major cost and operational advantages to locating
31
OTEC plants in regions of maximum temperature differences.
Optimal temperature and water depth conditions for OTEC operation are found within a band of tropical ocean adjacent to the
equator. 32 Ocean waters outside the tropical ocean band do not
receive equally intense solar radiation. Consequently, adequate
temperature proffles exist only in waters within tropical latitudes
extending from twenty degrees north to twenty degrees south of
the equator. 33 Although a vast expanse of ocean blankets the
globe, this proportionately narrow band of usable space significantly reduces the number of sites available for operating OTEC
34
devices in the world's oceans.
Coastal nations within the equatorial band, with the exception
35
of the United States, are not presently major energy consumers.
The majority of industrialized nations boasting sufficient capital
and technology to develop OTEC do not border OTEC feasible
waters, and would be compelled to operate their OTEC installations near the equator. The United States might also favor waters
31. Avery, supra note 8, at 12. Since OTEC plants are very sensitive to economies of scale, they are best situated where surface waters are the warmest.
Bardach, The Relation of Ocean Energy to Ocean Food, in LAW OF THE SEA:
NEGLECTED IssUES 297, 301 (J. Gamble, Jr. ed. 1979). "Efficient" OTEC operation
requires a thermal differential of 40' F (22.20 C) betveen surface and deep water
layers at a depth of about 2000 feet below the ocean's surface.
This term 'efficiency' is misleading, [however]. It is of great significance
when the heat is produced from, say, the burning of fossil fuels. The
higher is the efficiency, the better is the utilization of the fuel. In a solar
sea power system there are no fuel costs. Because the temperature difference is small the thermal efficiency is indeed low, but this low efficiency
only indicates that a large volume of warm and cold water must be
processed to extract a desired amount of energy.
Solar Sea Thermal Energy, supra note 10, at 19 (statement of Dr. Clarence Zener).
Nevertheless, the available ocean temperature difference can appreciably affect
OTEC component cost. For example, an increase in temperature difference of 10
degrees (from 33°F to 43°F), realized by going from the Gulf Stream off of Florida
to a tropical ocean site could effect a turbine cost reduction of about 50 percent.
Dugger, Francis & Avery, supra note 11, at 21.
32. Avery, supra note 8, at 12.
33. Id. at 10, 12; Booda, supra note 11, at 12.
34. Knight, InternationalJurisdictionalIssues Involving OTEC Installations,
in H.G. KNIGHT, J. NYHART, R. STEIN, supra note 11, at 59.
35. Hollick, InternationalPoliticalImplicationsof Ocean Thermal Energy Conversion Systems, in KNIGHT, NYHART & STEIN, supra note 11, at 77. The United
States has coastal waters at the northernmost latitudes of this band in the Gulf of
Mexico from Florida to Texas.
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very close to the equator because the temperature profiles there
36
are superior to those of the United States Gulf Coast region.
Energy consumption levels of the developing countries may
change substantially by the time OTEC is widely available. 37 A
number of these countries have large populations. 3 8 Some are endowed with abundant raw materials and might welcome a new
source of energy to facilitate the development of local industry.39
If the developing countries become large energy users in the near
future, OTEC would be an attractive process for meeting their energy needs and the demand for equatorial OTEC sites would develop. 40
JurisdictionalConstraintson OTEC Deployment
Although optimal temperature differences persist in the lower
latitudes, accessibility to suitable tropical OTEC sites may be limited. The scope of those limits is determined by the extent to
which equatorial coastal states exercise their sovereignty over
tropical ocean waters, restrained only by traditional international
law and the boldness of unilateral assertion. 4 '
Internal Waters
A coastal state has exclusive jurisdiction over its internal waters, which extend landward of a measuring line designated as
the "baseline."42 All activities occurring within internal waters
36. Since a small increase in available ocean temperature difference can ap-

preciably reduce OTEC component cost, OTEC developers may be lured to more
attractive tropical sites. See, Dugger, Francis & Avery, supra note 14, at 21. Furthermore, seasonal variations in surface water temperature are characteristic of
these coastal waters, making them inefficient for OTEC most of the year and further reducing the desirability of a domestic site option. A. HAGEN, supra note 11,
at 13.
37. Hollick, supra note 35, at 77.
38. Id.

39. Others, of course, already enjoy alternative forms of energy (petroleum and hydroelectric) as well as resources suitable to local processing.
In general, however, OTEC offers the countries of the equatorial regions
not only the opportunity to generate electricity in their offshore waters for
onshore use, but also the possibility of transferring energy intensive...
production activities to offshore areas.
Id.
40.
41.
42.
[1964],

Id.
See text accompanying notes 42-72, infra.
Convention on the Territorial Sea and Contiguous Zone, April 29, 1958,
art. 5, 15 U.S.T. 1606, T.LA.S. No. 5639, 516 U.N.T.S. 205 [hereinafter cited as

the Territorial Sea Convention]. The baseline is generally defined as the low wa-

are subject to the absolute control of the coastal state. Coastal
state consent would be a prerequisite to foreign states placing
OTEC devices within these waters, and coastal State laws would
fully apply once an OTEC plant was emplaced. 43 Aside from
these legal obstacles, the sheer size of an OTEC plant eliminates
internal waters as a prospective OTEC site.4 4
The Territorial Sea
Coastal states historically have enjoyed nearly absolute jurisdiction over waters that are adjacent to their coastlines and extend seaward from the baseline. 45 These waters, classified as the
territorial sea, are considered that margin of sea where a state
may carry on littoral functions essential to national welfare without interference.40 It may also be considered an area restricted to
domestic OTEC use.4 7
Although the existence and legal character of the territorial sea
is firmly established in international law, its breadth has been the
focus of unceasing debate.48 The legal definition of the territorial
terline along the coast of a mainland or island. Exceptions to this definition are
provided for certain features such as deeply indented coastlines, fringes of islands,
bays, harbor works, roadsteads, low tide elevations and river mouths. Id. This
convention is one of four conventions concluded at the United Nations Conference
on the Law of the Sea held in Geneva in 1959 that represent the most recent codification of the Law of the Sea. The remaining three are: Convention on the Continental Shelf, done April 29, 1958, [1964], 15 U.S.T. 471, T.LA.S. No. 5578, 499 U.N.T.S.
312 [hereinafter cited as the Continental Shelf Convention]; Convention on Fishing and Conservation of the Living Resources of the High Seas, done April 29, 1958,
[1964], 17 U.S.T. 138, T.LA.S. No. 5969, 559 U.N.T.S. 285; Convention on the High
Seas done, April 29, 1958, [1962] 13 U.S.T. 2312, T.I.S. No. 5200, 450 U.N.T.S. 82
[hereinafter cited as the High Seas Convention].
43. See generally M. McDouGAL & W. BuRKE, THE PUBLIC ORDER OF THE

OCEANS 89-173 (1962).
44. The Applied Physics Laboratory of the Johns Hopkins University concept
for a 100 megawatt OTEC/Ammonia Demonstration Plantship to be used in tropical oceans is 476 feet long, 192 feet wide, and 70 feet deep (without the cold water
pipe). Avery, supra note 8, at 13. See Figure 5. The cold water intake pipe is 60
feet in diameter and 2500 feet long, a length greater than the shallow depths of
most internal water regions. Dugger, Francis &Avery, supra note 11, at 19.
45. See generally M. McDoUGAL & W. BuRKE, THE PUBLic ORDER OF THE
OCEANS 174-304, 446-564 (1962); Kent, The HistoricalOrigin of the Three-Mile Limit,
48 AM. J. IN'L L. 537 (1954); Nanda, Ocean Thermal Energy Conversion (OTEC) Development Under U.S. and InternationalLaw and Institutions, 8 DEN. J. INV'L L. &
POL'Y 239, 245 (1979).
46. U.S. BUREAU OF INTELLIGENCE AND RESEARCH, DEPr. OF STATE, GEOGRAPHIC
BuLL.3, SOVEREIGNTY OF THE SEA 7 (1969).

47. See, e.g., Knight, OTEC and the Law of the Sea: The Jurisdictional
Problems, in AMERICAN SOCmTY OF INTERNATIONAL LAw STUDY. INTERNATIONAL,
LEGAL, POLITICAL, AND INsTrrUTIoNAL ASPECTS OF OTEC DEMONSTRATION AND DE-

VELOPMENT 65 (Final Report to the U.S. Dept. of Energy, Dec. 1978) [hereinafter
cited as The JurisdictionalProblems].
48. "It is impossible to find, among states, a common will to conduct themselves reciprocally and obligatorily in a certain manner with respect to the extent
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sea is stated in Articles 1 and 2 of the Convention on the Territorial Seas and Contiguous Zone. Article 1 provides: '"The sovereignty of a State extends, beyond its land territory, to a belt of sea
adjacent to its coast, described as the territorial sea."49 The con-

vention reflects a conspicuous absence of agreement as to a uniform width to be accorded this zone. Article 24, however, provides
for a zone of high seas contiguous to the territorial sea "not [to]
extend beyond twelve miles from the baseline from which the
breadth of the territorial sea is measured." 50 Within the bounds
of this "contiguous zone," the coastal state may exercise limited
jurisdiction over certain enumerated ocean activities.51 This provision impliedly limits the authority of a coastal state to assert
territorial sea rights to a distance of only twelve miles from the
baseline.
Despite the Convention's language, nations claim territorial
seas from as few as three miles up to 200 miles.52 Notwithstand-

ing, there is an emerging international consensus, reflected in the
Informal Composite Negotiating Text (ICNT) of the Third United
Nations Conference on Law of the Sea (UNCLOS III), fixing the
maximum permissible breadth of the territorial sea at twelve
miles.53 An OTEC device deployed within the territorial sea for
either commercial or research purposes would be regulated under
the exclusive authority of the coastal state, to the likely distance
of adjacent maritime surfaces submitted to their juridical competence as coastal
states." 3 G. GmzrE, LE DRorr INTERNATIONAL PUBLIC DE LA MER 123 (1932).
49. Territorial Sea Convention, supra note 42, art. 1.
50. Id. art. 24 (emphasis added).
51. Id.
52. For a listing of the current territorial sea claims see Gulland, Developing
Countriesand the New Law of the Sea, OCEANUS, Spring 1979, at 38.
53. Informal Composite Negotiating Text, art. 3, U.N. Doc. A/Conf. 62/WP. 10,
reprinted in 8 UNCLOS III OR 1, and in 16 INT'L LEGAL MATERBIAS 1108 (1977)
[hereinafter cited as ICNT]. The ICNT is a comprehensive document on law of
the sea disclaimed as a procedural device, revised and updated to provide only a
basis for negotiation at the 3rd United Nations Conference on Law of the Sea (UNCLOS I).
It is without either binding or advisory force in international law or in
affecting "either the status of proposals already made by delegations or the right
of delegations to submit amendments or new proposals." Informal Single Negotiating Text, Introductory Note, U.N. Doc. A/Conf. 62/WP. 8, reprinted in 4 UNCLOS
I OR 137, and in 14 INT'L LEGAL MATERIALS 689 (1975). Nevertheless, successful
culmination of the Conference is expected to result in a law of the sea treaty
which will retain a form not significantly different from the ICNT of UNCLOS III.
Considering the exhaustive efforts thus far expended in negotiations by participating nations, it is not overly speculative to predict that the ICNT will influence the
development of customary international law in accordance with its provisions if a
treaty fails to emerge from the Conference.

of twelve miles.54

The Exclusive Economic Zone
Potential jurisdictional constraints on OTEC do not terminate
at the territorial sea. Foreign OTEC devices may be barred some
distance beyond the nominal breadth of the territorial sea region.
Modern evolution in the Law of the Sea has brought forth the
concept of an Exclusive Economic Zone (EEZ), which will have
profound jurisdictional consequences on the deployment of
OTEC devices in ocean regions adjacent to coastal states.
The proposed EEZ comprises a belt of sea which pushes seaward to a distance of "up to 200 nautical miles from the base line
from which the territorial sea is measured."5 5 According to the
provisions of the ICNT:
In the exclusive economic zone, the coastal state has:
(a) sovereign rights for the purpose of exploring and exploiting, conserving and managing the natural resources, whether living or non-living,
of the sea-bed and subsoil and the superadjacent waters, and with regard
to other activities for the economic exploitation and exploration of the
zone, such as the production of energy from the water, currents and
winds;
(b) jurisdiction as provided for in the relevant provisions of the present Convention with regard to:
(i) the establishment and use of artificial islands, installations
and structures;
(ii) marine scientific research; .... 56

These ICNT provisions could reasonably be interpreted as granting to the Coastal state exclusive jurisdictional and regulatory
competence over OTEC installations deployed in the EEZ. The
ICNT's pervasive tone of expanding the range of activities and
territory over which coastal states may exercise their authority,
especially in commercial and research spheres, invites this interpretation.57 More specifically, the language of Article 56 referring
to "the production of energy from water" would almost certainly
contemplate OTEC.58

OTEC plants would also be regulated under Article 60 of the
ICNT, which expressly grants exclusive rights to "construct and
to authorize and regulate the construction, operation and use of
artificial islands" and "installations and structures which may interfere with the exercise of the rights of the coastal state in the
zone."5 9 Similarly, OTEC devices operating in a research mode
54.
55.
56.
57.
58.
59.

Nanda, supra note 45, at 246.
ICNT, supra note 53, art. 57.
Id. art. 56(1).
See generally ICNT, supra note 53, Parts II-VI.
ICNT, supra note 53, art. 56(1) (a).
Id. art. 60(l)(a); id.art. 80.
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rather than in a commercial mode would also fall within coastal
state competence under Article 247(2), which states: "Marine scientific research activities in the exclusive economic zone and on
the continental shelf shall be conducted with the consent of the
coastal State." 60
Thus, it seems virtually certain OTEC developers will be unable
to exploit coastal waters extending the breadth of the proposed
EEZ or the continental shelf, in either a research or a commercial
mode, absent prior consent by or agreement with the coastal
state.6 1 This scenario is likely to occur whether UNCLOS mI
culminates in a LOS treaty, or the coastal states act unilaterally
62
in accordance with the consensus achieved at the conference.
THE NEcESSrrY

FOR INTERNATIONAL REGULATION

Freedom of the High Seas
Coastal state dominance over OTEC sites in the exclusive economic zone will motivate, if not compel, foreign nations 63 to operate their OTEC plants on the high seas. The "high seas" includes
all ocean space beyond the limits of territorial jurisdiction or jurisdiction claimed within an exclusive economic zone, and is open
for use by all nations.6 4 Freedom of the high seas, as a principle
of international law, prohibits partition or appropriation of the
60. Id. art. 247(2).
61. It may be argued that insofar as an entrepreneur does not indulge in
natural resource exploration and exploitation, he can establish an artificial
island or installation in the shelf area without violating the exclusive
rights of the coastal state. However, it can be pointed out that the enterprise by occupying a certain area of the shelf for an indefinite period denies the coastal state an opportunity to explore and exploit the resources
therein. In view of this possibility of infringement of its exclusive rights,
the coastal state could claim the right to prohibit occupation of the continental shelf by foreign entities.
P. RAO, THE PUBLIC ORDER OF OCEAN RESOURCES 147 (1975). Of course, bilateral
and regional arrangements could be sought for gaining access to either the EEZ or
the continental shelf for OTEC devices. The facility and economy of establishing
such arrangements, however, would rest with the complete discretion of the
coastal state.
62. See The JurisdictionalProblems, supra note 47, at 69-70.
63. For the purpose of this Comment, "foreign nations" includes citizens and
corporations of nations deploying OTECs in tropical water not adjacent to their
own coastlines.
64. High Seas Convention, supra note 42, art. 1; cf. LC.N.T., art. 86 (which incorporates the EEZ within the definition of high seas). See High Seas Convention,
art. 2; but see LC.N.T., art. 87; C.J. CoLomBos, INTERNATIONAL LAW OF THE SEA (6th
ed. 1967).

high seas. 65 Consequently, situating OTEC plants on the high
seas would be permissible, provided no exclusive or prolonged
claim over high seas ocean space were attempted. 66 It is in this
ocean region that international regulation of OTEC must be addressed.
The Inadequacy of Existing Regulation
There are three primary methods presently under consideration
for deploying OTEC devices: "mooring," "grazing," and "dynamic
positioning." 67 Both moored and dynamically positioned OTEC
structures would function primarily as do modern land-based
power plants; namely, as large centralized stations distributing
power to neighboring towns and cities. Electricity transportation
and distribution from these OTEC plants would be accomplished
directly, using long undersea electrical power cables, or indirectly, using a "hydrogen bridge" pipeline system. 68 Technological and economic limitations may restrict these methods of
operation to installations within 200 miles of the coast. 69 For this

reason, countries lacking suitable equatorial waters would probably "graze" OTEC industrial plant-ships near the equator on the
high seas. "Grazing" involves floating ship-like OTEC plants capable of following the warmest surface waters under their own
power.70 Grazing OTEC industrial complexes would produce
65. High Seas Convention, supra note 42, art. 2; LC.N.T., supra note 42, art. 87;
Colombos, supra note 64, at 47. Justifiable claims for use of particular areas of the
high seas for the limited durations would probably not be impermissible, and little
protest would ensue. If an exclusive right to broad ocean areas were claimed,
however, or if large portions of ocean space were prohibited to other OTEC devices or to other uses, international resistance would be assured. Knight, supra
note 34, at 57.
66. Enumerated freedoms of the high seas include freedom of navigation, fishing, overflight, and the laying of submarine cables and pipelines. These are not exclusive, however, as other freedoms recognized under traditional international law
principles may exist. High Seas Convention, supra note 42, art. 2.
67. Mooring entails physically anchoring floating OTEC structures to the seabed with cables attached to the ocean floor. Dynamic positioning involves a cylindrical floating OTEC surface vessel which maintains its position using water jets
to correct plant position as it shifts by currents and winds. See Avery, supra note
8, at 11-12. See Figures 3 and 4 respectively.
68. In a hydrogen bridge system, OTEC generated electricity is consumed
within the OTEC plant for the production of hydrogen gas. The hydrogen gas is
then pumped via hose and pipeline from the plant to the shore, where it is either
sold as synthetic fuel or converted into electricity in a hydrogen burning generating plant. See generally Solar Sea Thermal Energy, supra note 10, at 95 (statement
of William Escher).
69. See, e.g., Winer & Nicol, Electrical Energy Transmissionfor OTEC Power
Plants in CONFERENCE ON OCEAN THERMAL ENERGY CONVERSION 4TH PROCEEDINGS
(1977).
70. Avery, supra note 8, at 9. See Figure 5.
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71
commodities directly on board for shipment back to market.
It is expected that large numbers of the OTEC devices will operate on the high seas beyond 200 miles from coastal shorelines,
72
where national jurisdiction over OTEC's might be asserted. The
doubt
potential volume of future high seas OTEC activity will no
permissicause international disagreement as to the safe, legally

Figure 3. Lockheed Corporation'sconcept for a 160
MWe moored, submersible OTEC platform.
71. See notes 90-94 and accompanying text infra.
OF THE SEA:
72. Bardach, The Relation of Ocean Energy to Ocean Food, in LAW
of the proposed deployNEGLECTED IssuEs 297, 301 (J. Gamble, Jr. ed. 1979). Of all
seas.
ment methods, OTEC "grazers" will generate the most activity on the high

ble, and environmentally sound use of the ocean environment. 73
Normal operation of OTEC devices on the high seas may conflict
with concurrent ocean uses, including navigation, fishing, and offshore mining and exploratio. 7 4 High seas congestion will occur
at some future date, and eventual competition for desirable OTEC
sites could evolve into a new source of international controversy.

75

Figure 4. TRW, Incorporated's concept for a 100
MWe dynamically positioned surface-vessel-type
OTEC plant. The platform is about 100 meters in
diameter.
73. Washom, Spatial and Emerging Use Conflicts of Ocean Space, in Knight,
Nyhart & Stein, supra note 11, at 91, 95.
74. Other conflicts may erupt if OTEC is used as the power supply for floating
military platforms, or for scientific research. Id.
75. Knight, supra note 34, at 59. It may be necessary for minimum distances
to be maintained between adjacent OTEC plants in order to prevent mixing or
drawing off of the heat resource by one OTEC to the detiment of another. Further, it will be necessary for OTEC's to steer clear of international waterways to
minimize their interference with navigation. Finally, OTEC users may converge
upon particular ocean locations which sustain temperature differences in excess of
400 F (22.20 C). Navigational problems in areas where OTEC users would concentrate, particularly in the grazing mode, would be extremely difficult to resolve
under existing arrangements. Washom, supra note 73, at 103. The allocation of
ocean space to accommodate all users in these areas would also have to be resolved. This problem is complicated by the fact that both the resource and the
user may shift position periodically. See text accompanying notes 132-133 infra.
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Figure 5. The Applied Physics Laboratory of the
Johns Hopkins University's conceptfor a 100 MWe
OTEC/Ammonia "grazing-type" demonstration
plant-ship. (Courtesy of the Johns Hopkins University Applied Physics Laboratory.)

The existing "Flag of Convenience" system of regulation will
create further discord over what constitutes acceptable OTEC
regulation. 76 Under international law, each state has traditionally
76. See generally B. A.

BOCZEK, FLAGS OF CONVENIENCE

(1962).

had the authority to specify conditions for vessel registration.77 A
vessel owner may seek registration with the country of his choice,
irrespective of his residence or citizenship, and regardless of
where the vessel is regularly moored. Unfortunately, lax safety
requirements and reduced operating costs frequently dictate the
78
country with which an owner will register.
If OTEC devices were registered under this "Flag of Convenience" system, effective regulation could be frustrated. This situation would arguably prevail for OTEC deployment on the high
seas even if a new LOS treaty is ratified and an International Seabed Authority is established.79 Thus, under existing and foresee77. High Seas Convention, supra note 42, art. 5.

For centuries it has been common statement in the authoritative literature that each state has competence to prescribe regulations for its own
vessels and that no state may, save in accordance with specified exceptions in international law, prescribe regulations for the conduct of the
ships of other states. All traditional sources from which customary international law is inferred ...

yield an abundance of decision and expres-

sion to establish the very high authority of this principle.
M. McDouGAL & W. BURKE, supra note 43, at 798.
78. N. PAPADAKIS, supra note 6, at 251. Papadakis has summarized the variety
of reasons vessel owners select "flag of convenience" states for registration as follows:
Taxation is very low and operating costs are lower because the legislation
and collective agreements on wages, labour conditions and social security
of the traditionally maritime countries do not apply. Lack of substantive
maritime legislation in these States also means that there are no stringent
provisions in relation to safety requirements, accommodation and protection of crews, and so forth. Finally, shipowners wish to avoid the possibility of their vessels being requisitioned by their national States in the
event of war, and the consequences of political unrest where a change of
government might result in confiscation of property.
Id. at 251 n.20.
79. The ICNT declares that the mineral wealth of the deep seabed lying beyond the limits of national jurisdiction is the "common heritage of mankind." It
also provides that the "seabed and ocean floor and subsoil thereof" (designated
the "Area") be organized and controlled by a newly established International Seabed Authority. The legal status of waters superadjacent to the Area, where OTEC
plants would operate, are not affected by proposed ICNT provisions governing the
Area. Desire to vest an international seabed agency with competence over superadjacent waters, minerals in solution, or chemical constitutents of those waters
has not carried significant momentum at the LOS conferences to date. Although
the less developed countries may eventually seek the inclusion of superadjacent
waters and mineral and energy extraction within the "common heritage" concept,
they would be vigorously opposed by the developed nations. This Comment assumes that these "resources" will not fall within the regime of the Area, and that
effective international regulation over OTEC and other surface energy devices
could keep them from being included within the Area. See ICNT, supra note 53,
arts. 1, 133-49, of. Nanda, supra note 45, at 255; The JurisdictionalProblems,supra
note 62, at 81.
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able Law of the Sea, OTEC could largely escape regulation on the
high seas.80
Presently, no single international organization possesses the
authority or competence to provide comprehensive regulation of
OTEC installations on the high seas.8 1 It is probable that for initial OTEC ventures the imperative for international legal safeguards and controls will be minimal. 82 Notwithstanding, attention
should be given to OTEC-specific regulation in anticipation of,

83
rather than in response to, future OTEC development and use.

A maze of institutional arrangements has been developed for
regulating ocean activities as they exist in the present law of the
sea context. 84 Many of these arrangements deal with problems
that are analogous to the problems that will confront OTEC.85

The emergence of OTEC on the high seas will require either that
the competence of these existing authorities be expanded to deal
80. Keith, supra note 3, at 282; Bowen & Friedman, Neglected Issues at the
Third U.N. Law of the Sea Conference, 5 OCEAN MANAGEMENT 323 (1979).
81. Nanda, supra note 45, at 271.
82. This is precisely what was said of the controversy over deep sea ocean
mining before it mushroomed. See, e.g., W. BuRKE, OCEAN, SCIENCES, TECHNOLOGY, AND THE FUTURE INTERNATIONAL LAW OF THE SEA 76 (1966).
83. Nyhart, Legal Aspects of Siting OTEC PlantsOffshore the United States, on
the High Seas, and Offshore Other Countries, in OCEAN THERMAL ENERGY FOR THE
80's n.10 (6th OTEC Conference, Wash. D.C., June 19-22, 1979). Prior to widespread dissemination of information concerning prospects for the mining of manganese nodules on the seabed in 1967, there was no movement toward establishing
a legal regime or international agency for undersea mineral exploitation. Deepsea
mining has since engendered the most controversy of any topic in modern law of
the sea, and has fostered the proposed creation of an international seabed authority. Similarly, ignorance concerning ocean energy technology and the economic viability of ocean energy extraction may be largely responsible for OTEC having
thus far received little attention by the less developed countries. Enthusiasm over
the prospective of economic wealth and political leverage attendant with ocean energy technologies will increase with heightened awareness of OTEC and will encourage the less developed countries to pursue a regulatory regime for governing
related activities in the marine environment. The Jurisdicti6nalProblems, supra
note 47, at 79.
84. Among the conventions relating to ocean activities are: International Convention for the Safety of Life at Sea (SOLAS Convention), signed June 17, 1960, 16
U.S.T. 185, T.I.A.S. No. 5780, 536 U.N.T.S. 27; 1974 SOLAS Convention, reprinted in
14 INT'L LEGAL MATERIALS 959 (1975); International Convention for the Prevention
of Pollution of the Sea by Oil, opened for signature May 12, 1954, 12 U.S.T. 2989,
TJ.A.S. No. 4900, 327 U.N.T.S. 3, as amended by Amendments to the International
Convention for the Prevention of Pollution of the Sea by Oil, done Apr. 11, 1962, 17
U.S.T. 1523, T.IA.S. No. 6109, 600 U.N.T.S. 332; International Convention on Load
Lines, done Apr. 5, 1966, 18 U.S.T. 1857, T..A.S. No. 6331, 640 U.N.T.S. 133; and International Convention on Civil Liability for Oil Pollution Damage, done Nov. 29,
1969, reprinted in 9 INT'L LEGAL MATEIALS 45 (1970). Nanda, supra note 45, at 270.
85. Hollick, supra note 35, at 88.

with OTEC, or that the authority to regulate OTEC be vested in a
new, OTEC-specific organization. The absence of a single all-powerful OTEC agency, however, would result in complex institutional crossover and competition for jurisdictional authority
among existing regulatory bodies.86 Hence, the following discussion will focus on existing institutional frameworks, possessing
organizational structures and provisions that could provide guidance in resolving OTEC controversies, or that could be integrated into a unified OTEC regime.
TowARD INTERNATIONAL REGULATION

The DefinitionalStatus of OTEC
Discussion concerning the possibility of establishing a new
OTEC-specific regime should be prefaced with a word about the
definitional status of OTEC plants. Initially, attempts will be
made to force-fit OTEC into one of the traditional legal characterizations for ocean-borne devices, such as vessel,87 ship, fixed installation, structure, or the like. 88 Because of the multiple use

character of OTEC installations, however, they could reasonably
be regarded as falling within several existing categories of ocean
devices as their position or function changes. International regulation is therefore likely to require a new definition for OTEC installations. 89
OTEC devices grazing on the high seas will operate principally
as floating industrial complexes, producing commodities such as
86. Id.
87. Particularly in the grazing mode, OTEC devices may conform to the definition of "vessel" under certain international conventions. E.g. the Convention on
the International Maritime Satellite Organization, Sept. 3, 1976, reprinted in 15
INT'L LEGAL MATERIAIS 1051 (1976). This Convention circumscribes a broad definition of "ship" as "a vessel of any type operating in the marine environment. It includes, inter alia, air-cushion vehicles, submersibles, floating craft and platforms
not permanently moored." Id. art. 1(f). OTEC plants could well be considered
floating craft or platforms within the meaning of this provision. See Nanda, supra
note 31, at 270.
88. See, for example, Nyhart, Problems of Legal Responsibility and Liability to
be Anticipated in OTEC Operations,in KNIGHT, NYHART &STEIN, supra note 11, at
117, 134 (characterizing OTEC structures as vessels for purposes of admiralty jurisdiction); Nanda, supra note 45 (suggesting OTEC's be considered vessels for at
least domestic purposes); Keith, InternationalRegulation of Ocean Floating Energy Platforms, in LAW OF THE SEA: NEGLECTED IssuEs 275 (J. Gamble, Jr. ed.

1979) (suggests a functional approach, varying the OTEC definition in accordance
with the functional operational mode of the platform). See also Lawrence,
Superports, Airports and Other Fixed Installations on the High Seas, 6 J. MA .
TIME L. AND COMIERCE (1975) (for discussion of legal problems of novel installa-

tions operating beyond territorial jurisdiction); Nanda, The Legal Status of Surface
Devices Functioningat Sea Other Than Ships, 26 Am. J. Comp. L. 233 (1978 Supp.)
(drilling rigs and offshore platforms).
89. Keith, supra note 3, at 295.
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94
93
ammonia, 90 aluminum,9 1 hydrogen, 92 magnesium, synthetic oil,
and other energy intensive products that normally consume landbased energy for production.95 Grazing OTEC plant-ships could
also assume various operational modes: remaining stationary for
extended periods, moving automatically in response to
thermocline temperature variations, or being towed into port. Additionally, non-grazing OTEC's will either be moored to the sea
floor or be dynamically positioned while floating freely. To reduce
regulatory complexity,9 6 an autonomous regime should include a

90. "Production of ammonia at a tropical OTEC plant is attractive socially and
economically because... [a]mmonia is a major item of national and international
commerce used in the manufacture of fertilizers and many other products. Fertilizer is critically related to world food production." Dugger, Francis & Avery,

supra note 11, at 26.
91. This is accomplished by using OTECs for the electrolytic reduction of
alumina (made from bauxite on shore) to aluminum.
Use of aluminum in automotive vehicles and trains can be expected to
increase as efforts continue to reduce vehicle weights in order to reduce
fueL One tropical OTEC plant could reduce enough alumina for 9 to 26
more plants of the same size every year. Alumina also could be used to
great advantage in solar collectors for the heating and cooling of buildings
and for structures of other types of solar-energy plants.

Id. at 31-32.
92. If we are to capitalize on the vast tropical-ocean energy resource, hydrogen is likely to be the primary long-term OTEC project. Gaseous hydrogen (obtained by water electrolysis) could be liquefied for shipment to
shore. The tliquid hydrogen] could be transferred by barge, rail or truck
to plant sites or points for transportation fueling .... [or ... fed into a
gas pipeline network for heating and other uses ....
An interesting possibility is that the [liquid hydrogen] plants could be
used on shore in fuel cells to generate electricity.
Id. at 33-34.
93. Since magnesium chloride is a constituent of sea water, magnesium
could be produced at sea by shipping calcium oxide (from oyster shells or
limestone) to the [OTEC] platform, or getting it from the ocean floor. The
demand for magnesium today could be met by just two 500 MWe OTEC
plants. However, magnesium is superior to aluminum for many applications, and demand for it would rise and relieve requirements for other
metals if its price became more competitive.
Id. at 36.
94. Another possibility for the late 1980's would be to ship coal or a carbonate to the platform and use the [gaseous hydrogen] produced there to
make synthetic oil, methane, or methanol Recent forecasts of coal liquefaction plant costs appear to make this possibility less attractive than production of ammonia or liquid hydrogen.
Id. at 37.
95. See generally Homburg, Lindal & El-Ramny, Preliminary Research on an
Ocean Energy Industrial Complex, in WORKSHOP ON OCEAN THERMAL ENERGY
CONVERSION, 3D PROCEEDINGS (Houston, 1975).
96. OTECs are neither vessels nor fixed structures and could not sensibly be

new definition for OTEC devices--one adapted to OTEC's multiple use character.9 7 A definition premised on the fact that all
OTEC devices, regardless of their structure or use, generate
power through the use of ocean temperature differences, would
be a simple and comprehensive approach. Such a definition
would encompass that qualitative feature unique to all OTEC devices, assimilating all its possible functions and operating modes.
It would also recognize OTEC's relation to the ocean resource,
and its justification for presence in the marine environment. Additionally, it would eliminate disagreement concerning OTEC's legal status, and reflect the true nature of the device.
A similar generalized definitional approach is embodied in the
definition of Ocean Data Acquisition Systems (ODAS) adopted in
the Draft Convention.9 8 ODAS devices are deployed at sea to
gather oceanographic, meteorological or geobiological data. 99 Like
OTEC devices, ODAS can be deployed in a variety of mechanical
forms, depending on which form is best suited for a particular application. 00 Many of the physical attributes and legal problems
associated with ODAS are comparable to those presented by
OTEC technology.' 0 '
The definition provided in the ODAS Convention is designed to
cover practically every device imaginable for "collecting, storing,
or transmitting samples or data relating to the marine environment.'u0 2 The definition is purposely broad, because the subject
managed by rules developed for ships or structures. Bowen & Friedman, upra
note 80, at 323.
97. Keith, supra note 3, at 295.
98. Draft Convention on Ocean Data Acquisition Systems, art. 1(2), cited in,
N. PAPADAiaS, supra note 6, at 198. This category of novel ocean devices, which
have a multiple use character similar to OTEC, has received considerable attention in the area of international regulation. The Intergovernmental Oceanographic
Commission (IOC) has been concerned with the legal problems associated with
ODAS since 1961. In 1962, the IOC requested the UNESCO, in collaboration with
IMCO, examine "the relevant existing international maritime conventions with the
view of defining in a new international convention the legal status of fixed oceanographic stations." 8 UNESCO, INTERGOVERNMENTAL OCEANOGraPHIC COMMISSION
& INTERNATIONAL MARITIME CONSULTATIVE ORGANIZATION, LEGAL PROBLEMS AssoCIATED WITH OCEAN DATA ACQUISrrION SYSTEMS 37 (IOC/INF. 108, 1969) [hereinaf-

ter cited as UNESCO].
99. N. PAPADAKIS, supra note 6, at 198.
100. Thus, ODAS may be deployed as manned or unmanned vessels, structures, installations, platforms or oceanographic buoys. UNESCO, supra note 98, at

7.

101. For example, the Floating Instrument Platform (FLIP) ODAS developed
by the Office of Naval Research and Scripps Institute of Oceanography is 355 feet
long, similar to the length of the grazing OTEC described in note 44, supra.
Papadakls, supra note 6, at 202 n.28.
102. Article 1(2) of the Draft Convention on Ocean Data Acquisition Systems
provides as follows:
ODAS means a structure, platform, installation, buoy or other device, not
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matter is sufficiently complex that "it is difficult to develop a precisely circumscribed definition of ODAS that would be applicable
to all the provisions of the [ODAS] draft convention. Hence a
broad definition has been employed with suitably modifying language to effect the purpose of any given Article [of the Convention]. "103 Considering the complexity of OTEC technology and
the legal problems associated with it, the ODAS approach would
be sound here as well.
Traditional definitions of ocean devices are somewhat independent with respect to the activities for which the devices are
deployed. For example, a ship is so characterized because it traverses the ocean under its own power as a means of transportation. 0 4 Thus, a ship can be a fishing, sailing or shipping craft and
still be considered a "ship." Similarly, an "artificial island" is so
named because of its permanence, composition, territorial nature
and physical attachment to the sea floor. 0O An "installation"
must also have a special character to retain that name, reflecting
06
a particular relation to, as well as a position on, the ocean.1
Thus, a structure moored to the sea floor is generally a fixed installation whether it drills for oil or mines deep sea minerals.
Revolution in ocean uses, however, has resulted in novel technologies such as OTEC that, because of their relation to the ocean
resources, are not within these traditional definitions. Considering the myriad of activities in which OTEC will engage, and the
variety of modal combinations in which OTEC will be deployed,
the resolution of problems particular to OTEC could be more easily achieved if regulations are drafted which recognize its special
character relative to the ocean.
being a ship, together with its appurtenant equipment deployed at sea
((for non-military purposes) (for peaceful purposes) (in non-military
service)) essentially for the purpose of collecting, storing or transmitting
samples or data relating to the marine environment or the atmosphere or
the uses thereof.
Id. at 198.
103. Comment of the Rapporteur, DOC. SC/IOC.EG-1 (IV)/12, Annex II, p.5,
cited in, PAPADAIS, supra note 6, at 200.
104. See, e.g., UNESCO, supra note 98, at 12 (citing the Regulations for Preventing Collisions at Sea).
105. E.g., PAPADAKmS, supra note 6, at 6; Soons, ArtificiaZ Islands and Installations in InternationalLaw 3 (Occasional Paper No. 22, Law of the Sea Institute,
Univ. RI. 1974).
106. Id.

InternationalTelecommunicationsRegimes and the Allocation of
High Seas Ocean Space for OTEC
Demands for use and authority in ocean areas beyond the territorial high sea are circumscribed by the venerable "freedom of
the high seas" doctrine. This doctrine has been somewhat rigidly
applied. It has traditionally embraced certain particular, relatively fixed, ocean uses considered open and free to all nations in
waters denominated as high seas. 0 7 Traditional notions of international law also recognize that resources of the high seas, as well
as those of outer space and the atmosphere, are owned by no
one.108 Nevertheless, coastal states have frequently asserted their
authority to control access to waters in high seas regions for limited durations and purposes. 0 9 States have also sought to protect
the movement of manned vehicles traveling upon, over, and under
the oceans. In the future, conflicting claims to access could easily
arise in connection with the movement or emplacement of novel
manned and unmanned vehicles or objects."o The case for substantial international management of the ocean and its users thus
gains appreciable force, based on the realization that many ocean
resources, such as the water itself, may become scarce, yet remain essentially indivisible."' It is entirely possible that conflicting claims to access will arise in the OTEC arena if a considerable
number of OTEC plants were to be deployed on the high seas in
the tropical latitudes. The establishment of a regime for dealing
with the demand for access and use of the ocean surface, under
which exist favorable OTEC thermoclines, would resolve a primary legal conflict which may accompany future OTEC ventures.
2
It would also serve as a model for future ocean access regimes."1
Growth in the demand for use of radio frequencies and satellite
orbits for telecommunications has raised issues of resource allocation and accountability similar to those raised with respect to
the allocation of ocean space for OTEC within the equatorial band
possessing OTEC-feasible thermoclines.113 Radio communication
involves the use of electromagnetic waves, which are employed to
107. McDOUGAL &BuR=E, supra note 43, at 743.
108. It can, therefore, be extremely difficult to lodge regulatory authority over
these resources with anyone. S. BROWN,N. CORNELL, L FABIAN & E. WEISS, REGIMES FOR OCEAN SPACE AND WEATHER 10 (1977).
109. W. BuRKE, OCEAN SCIENCES, TECHNOLOGY AND THE FuTuRE INTERNATIONAL
LAW OF THE SEA 69 (1966).

110. Id. at 42.
111. BRoWN, CORNELL, FABN & WEISS, supra note 108, at 33.

112. Booda, supra note 11, at 14.
113. BROWN, CORNELLT, FAB AN & WEISS, supra note 108, at 176.
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carry information from one location to another through space." 4
An important feature of these waves is their frequency." 5 Each
frequency may be considered an individual "location" available to
only one user at a time for communicating information effectively." 6 Although there is a broad range of actual frequencies in
the electromagnetic spectrum, only a fraction of this range is
available for radio communication." 7 This usable portion of the
radio frequency resource is similar to the tropical OTEC
thermoclines in that it constitutes only a small fraction of the total resource from which it is derived.1l8
The radio frequency spectrum has become increasingly overcrowded due to the increased application of radio." 9 This overcrowding has given rise to increased interference between
simultaneous users. 120 Interference conditions arise specifically
114. L. SHWARTZ, INTERNATIONAL ORGANIZATIONS AND SPACE COOPERATION 76
(1962).
115. Id.
All electronic communication uses electromagnetic waves that pass
through space or along wires. These waves are initiated by passing bursts
of electrical currents through an antenna. Electromagnetic waves vary in
the number that can be sent per second-that is, their frequency, measured in cycles per second. The higher the frequency, the shorter the
length of the wave. The frequency is determined by characteristics of the
electrical current passed through the antenna.
The electromagnetic spectrum extends from zero cycles per second all
the way up into X-rays (one quintillion and more cycles per second) and
beyond. The radio spectrum consists of only a portion of the entire electromagnetic spectrum, specifically the portion that can be used to transmit
information.... The spectrum is divided into subgroups, based on the
way the waves interact with land and the components of the atmosphere.
Because of differences in this interaction, various sets of frequencies can
be used in different ways.
BROWN, CORNELL, FABIAN & WEISS supra note 108 at 177.
116. This is, of necessity, an oversimplification of the nature of utilization of radio frequencies, and is described in this manner only for the purpose of Mustration. In actuality, there are many technical factors which determine the limits of
useful employment of a single radio frequency by one or more users. These factors include the characteristics of the system being used to transmit the information, the path over which the information travels, and the system used to receive
the information. See generally D. LEiTE, INTERNATIONAL TELECOMMUNICATIONS AND
INTERNATIONAL LAWS: THE REGULATION OF THE RADIO SPECTRUM

360-69 (1970).

117. The usable frequencies for radio communication lie between about 10,000
cycles per second and 300 billion cycles per second. Id. at 363.
118. See note 34 and accompanying text supra.
119. ScHwARTz, .upra note 114, at 76.
120. BROWN, CORNELL, FABIAN & WEISS, supra note 108, at 177. Two or more sig-

nals can be sent in such a way as to prevent the receivers from receiving anything
meaningful. It is under these circumstances that the signals are said to "interfere." Id.

when more than one user attempts to use the same radio frequency at the same time over the same area.1 21 A rapid rise in
the need for electronic communication has occasioned the users
of this resource increasingly to get in each other's way. 2 2 Similarly, as the number of high seas OTEC plants grows, the likelihood of eventual interference between users will also grow.
Conflicts between frequency users are currently resolved in accordance with international agreement, pursuant to established
regulations, codes and procedures for the allocation of frequencies, under an international allocation system within the auspices
of the International Telecommunications Union (ITU).123 The primary activities of the ITU are performed by administrative conferences and by the International Frequency Registration Board
(IFRB).124 Authority in ordering use of the frequency spectrum
is exercised through a combined process of legislation and regulation. 125 Administrative regulations are promulgated during the
legislative process by international radio conferences representing all the ITU members. 126 The regulations constitute a system
of agreed allocation of the usable portions of the radio spectrum.127

During the regulatory process, states submit applications to the
121. Id. at 177.
122. Id. at 176. At present there is an exponential growth pattern of radio activity, which places new demands on the radio frequency spectrum.
123. ScHwARTz, supra note 114, at 74. Several international conventions and
specialized agencies have been established to manage telecommunications. Two
such organizations are the International Telecommunications Union (ITU) and.the
International Telecommunications Satellite Organization (INTELSAT). The ITU
is an international regulatory body engaged in the establishment of suitable guidelines and criteria for inter-system coordination, having as one objective coordination for the rational use of telecommunications of all kinds. International
Telecommunication Convention, signed Malaga-Torremolinos, 1973, 23 U.S.T. 1527,
T.IAS. No. 7935, Chap. 1, art. 4-1. One means exercised by the ITU for implementing this objective is the effecting of a system for allocation of, and management
for, use of the radio spectrum and satellite orbits. Id. art. 4-2. INTELSAT has a
similar objective, but deals exclusively with arrangements for a global commercial
communications satellite system rather than for all forms of telecommunications.
INTELSAT has been eminently successful in achieving this objective. "To become
a member of the International Telecommunications Satellite Organization (INTELSAT) a nation must be a member of the ITU." Colina, InternationalCooperation Between Communications Satellite Systems: An Overview of Current
Practicesand FutureProspects, 5 J. SPACE L. 72-73 (1977).
124. BROWN, CoRNELL, FABIAN & WEIss, supra note 108, at 181.
125. D. LEIvE, supra note 116, at 19.
126. Id.
127. The regulations assign priority to particular types of uses in the various
portions of the spectrum. These allocations are critically important because users
of frequencies allocated for different purposes are required to operate in a
noninterfering manner. Id.; BROWN, CoRNELL, FABIAN &WEiss, supra note 108, at
181.
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to have their desired radio frequency assignments recorded in a Master Register.129 Before a nation can secure approval of a frequency assignment for recordation, the IFRB must
first determine whether the request conforms with the ITU Convention and Regulations, and whether it will be likely to cause
harmful interference with previously recorded assignments.130
This procedure is essentially a first come-first serve allocation of
frequencies among nations, whereby a given country obtains the
right to use a specific frequency dependent upon prior use and
prior notification of the IFRB.13'
A similar allocation system could be established, in modified
form, for the prevention of inter-plant interference between
OTEC installations on the tropical high seas. Adapting this system to OTEC would require modifications that take into account
the differences between the character of the frequency spectrum
IRB128

and the OTEC resource. OTEC thermocline locations are not dis-

crete as are radio frequencies.132 Each radio frequency has an associated numerical value representing its relative position along
128. The IFRB performs the important function of examining and recording frequency assignments, managing harmful interference disputes, and otherwise furthering the use of the radio spectrum. Article 13 of the Telecommunications
Convention. D. Leive, The Future of the InternationalTelecommunications Union,
A Reportfor the 1973 PlenipotentiaryConference 3 (Panel on International Telecommunications Policy of the American Society of International Law, 1972) [hereinafter cited as The Future of the ITU].
129. BROWN, CoRNELL,

FA IAN

& WEISS, supra note 108, at 180 n.5.

130. D. LErv, supra note 116, at 20. This is a difficult and sensitive task, which
often requires careful judgment as to whether a particular country is in compliance with the Radio Regulations, and a weighing of the conflicting claims of two
countries or stations. The Future of the ITU, supra note 128, at 16.
131. The InternationalTelecommunication Union: Issues and Next Steps, A Report by the Panel on InternationalTelecommunications Policy of the American Society of InternationalLaw 6 (Occasional Paper No. 10, Carnegie Endowment for
International Peace, 1971) [hereinafter cited as ITU: Issues and Next Steps]. The
Board's function is not merely ministerial. The Future of the ITU, supra note 128,
at 16. For example, a satellite system may incur a "second class" legal status if the
IFRB finds that a particular country's frequency assignment notice for a new satellite failed to comply with certain regulatory provisions. Id. at 17. The fact that a
negative finding may force the offending nation to adjust its operating characteristics is one illustration of the significant impact that the board's findings have. Id.
Still, the IFRB has no power to compel nations to conform with their findings. At
present, the HFRB only has powers of recommendation. It imposes on its members only an obligation to notify the use of frequencies. If the board does not approve of the petition, it can only protest and refuse registration. E. LuAiRD,
INTERNATIONAL AGENCIES: THE EMERGING FRAMEWORK FOR INTERDEPENDENCE 40
(1977).
132. See text accompanying note 133, infra.

the frequency scale, which is essentially one dimensional. The
task of assigning radio frequency locations is, therefore, primarily
a matter of deciding which users or uses will operate at the frequency associated with the numbered positions along the frequency scale. By contrast, for purposes of allocation, the OTEC
resource is two dimensional in both its character and usage; because OTEC installations are positioned at selected locations
upon the two dimensional ocean surface. The components of this
two dimensionality are not difficult to visualize. A favorable temperature difference (say, 400 F (22.20 C)) may exist between
water layers along a continuous ocean area following a random
path of considerable length and irregular shape and width. Further, grazing OTEC plantships, capable of homing in on optimal
thermoclines, would move at erratic intervals under their own
power along random routes in their effort to assume new positions at more favorable ocean locations.133 This would result in a
complex and continuously varying pattern of movement that is a
function of ocean thermocline dynamics. It is therefore apparent
that the character and function of the OTEC resource lacks the
inherent "spectrum" quality attributable to the radio frequency
resource, which is already replete with natural divisions readily
identified and allocated for use.
An allocation system for OTEC sites could be defined by creating an ocean "spectrum" of user locations, accomplished by dividing the OTEC-active high seas into numerous user areas or
regions. The single purpose of this aspect of an OTEC regime
would be to effectively allocate the most desirable thermocline areas, and thus avoid harmful interference among simultaneous
OTEC users. Evaluation of a host of factors would be necessary
to effectively divide the OTEC resource, including available
thermocline temperature differences, the relation of OTEC use to
other ocean uses such as navigation and fishing, and seasonal
changes due to currents and climate. Under this system, once a
user had selected and was assigned to a particular ocean area, he
could operate within that area without harmfully interfering with
other OTEC installations. By building flexibility into the regime,
movement of OTEC plants through adjacent regions for repairs,
for commodity transport, or for other reasons would not be ham133. For example, an OTEC plant would seek a new location when the temperature difference at the ocean site where it was operating fell to some predetermined
low value. This would be a value lower than the temperature difference available
at alternate tropical sites. Temperature variations could occur as a result of seasonal changes in ocean temperature or because of ocean currents that cause local

temperature conditions to fluctuate.
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pered.' 3 4 Additionally, the movement of other non-OTEC vessels
in these regions, and the problems of interference and safety they
create, could be resolved through separate provisions of an OTEC
regime.
Regulation by Disinterested Specialists
Reliance on detached specialists as umpires, supplemented by
feedback from party governments, has been a successful way of
promoting government cooperation in the regulation of telecommunications and would be a desirable component of an OTEC regime.135 Rather than relying on multilateral negotiation, "nonpolitical" OTEC experts could be employed to perform controversial tasks such as designating or approving thermocline region assignments. This regulatory technique would be well suited to the
technical character of the resource and of the devices being regulated.
The technique of regulation by disinterested specialists is cur36
rently used by the International Telecommunications Union.1
The IFRB is also composed of full time experts chosen in their
personal capacity.137 The experts perform a variety of regulatory
functions such as considering frequency assignments, evaluating
the possibility of interference, investigating complaints alleging
interference, and proposing solutions.138 These experts are not
representatives of any nation or group of nations, nor do they request or receive instructions from any government.139 A similar
approach incorporated into an OTEC regime could attenuate the
political undertow which runs counter to the administration of
fair and effective regulation. In time, a substantially detached
OTEC regulatory body could acquire a reputation for expertise
134. See also M. McDouGAL & W. BuRKE, supra note 43, at 751-78 (1965).
135. LuARD, supra note 131, at 36.
136. Id.
137. Id.
138. Besides these functions, the work of the international frequency registration board now includes up to 150,000 frequency notifications per year. This en-

compasses the task of international monitoring, which entails the making of over
400,000 observations a year to test user diligence in abiding by their frequency assignments and in using them efficiently. The Board also keeps and publishes a
Master International Frequency Register, which is the directory of frequency
users. Id.
139. Likewise, it is inappropriate for any government to seek to influence them.
Id.

and freedom from political bias similar to the IFRB, and significantly bolster its authority.
Provision should be made to afford broad enforcement powers
to the regulatory body that oversees OTEC. Although
"[elxamination of the ITU's working methods... reveals an effective, result oriented mechanism for international agreement,"140 the enforcement powers that the ITU may presently
exercise are limited. For example, even when a radio user decides to use a frequency that will harmfully interfere with other
users, the IFRB has no authority to order a user off the air, or to
refuse to record a frequency assignment in the Master Register.141
Such hollow authority should be avoided in an OTEC regime.
Without sufficiently broad enforcement capability, authority to
implement dispute settlement proceedings to resolve allocation
and interference questions would be lacking and could critically
impair the effectiveness of an OTEC regime.
During the initial years of OTEC use on the high seas, competition for ocean space among users should cause little concern because OTEC plants will be relatively few in number. At that early
juncture, a first come-first serve allocation scheme, rather than a
carefully monitored registration system, would not be inequitable
because scarcity and interference would not be a problem.142 History has demonstrated, however, that a resource plentiful at one
time may subsequently become scarce. It may, at a later date, be
difficult to free the resource because of the existence of entrenched users.143 For example, the radio spectrum has grown increasingly congested, and countries have accordingly become
increasingly unable to reach agreement as to what principles
should govern the rights and obligations of their international stations.1 44 Thus, while congestion increases the need for rules and
mechanisms for resolution, it simultaneously reduces the chances
for achieving international agreement for those rules and mechanisms. 4 5 Consequently, provision for the expanded authority of
an OTEC regime in its early stages would build in the necessary
control that might be difficult or impossible to establish in the future.
Telecommunications regimes such as the ITU and INTELSAT
140.
tional
(1973).
141.
142.
143.
144.
145.

Walenstein, Make Room in Space: Harmony and Dissonance in InternaTelecommunications (pt. 2), 40 TELECOMMUNICATION JoURNAL 101, 101-02
D. LEIvE, supra note 116, at 24.
ITU: Issues and Next Steps, supra note 131, at 7.
Id.
D. LErvE, supra note 116, at 22.
Id.
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can provide a practical starting point for developing a technology
specific regime for OTEC. These regimes are designed with the
primary purpose of insuring the efficient allocation of a potentially scarce resource. Also, because telecommunications is a
highly technical field, it is capable of generating problems that require solutions of unusual complexity. Accordingly, mirroring the
growth of international telecommunications, the ITU has evolved
to engender perhaps the most complicated structure of all of the
United Nations Specialized Agencies. 4 6 If the OTEC energy resource were fully exploited, the problems fostered by OTEC deployment could become the terrestrial analogy to those
confronting telecommunications.47 Telecommunications regimes
would, in that case, provide an existing regulatory framework
upon which an OTEC regime could be based.
ODAS, Alternative Regimes and the Regulation of Safety and
Navigationfor OTEC
Instituting a regulatory regime governing the allocation of high
seas ocean space among OTEC users would be a major step toward the prevention of physical interference among OTEC users.
Standing alone, however, an allocation regime would not effectively prevent collisions between OTEC devices and other ocean
devices.148 It will also be necessary to promulgate safety measures to prevent OTEC from becoming a hazard to other ocean
uses, such as navigation and fishing.
The Intergovernmental Oceanographic Commission (IOC)
Group of Experts has concluded that for those classifications of
ODAS systems having characteristics similar to grazing OTEC
plants, appropriate rules of the International Regulations for the
Prevention of Collision at Sea' 49 should be applied to prevent collisions.150 The IOC has taken this stance because this ODAS clas146. The Future of the ITU, supra note 128, at 2.
147. Compare E. LuARD, supra note 131, at 33.
148. Additionally, grazing OTEC plants underway at sea could collide with each
other as they traverse between site locations.
149. Convention on International Regulations for Preventing Collisions at Sea,
done Oct. 20, 1972, in force July 15, 1977, T.A.S. No. 8587 [hereinafter cited as Collision Convention].
150. UNESCO, supra note 98, at 37. In the conclusions on the marking of
oceanographic stations, this classification of ODAS was described as "[c]raft
which, owing to their size, material and construction, can cause and/or receive
damage through collision ....." Id.

sification comports with the requirements of the definition of
"vessel" under which the rules of the Collision Convention are effective.151 The Convention provides for regulations concerning
rules of the road, aids to navigation, standards and rules for steering, lighting, signals and for conduct in areas of restricted visibility.152 Since these rules cover "vessels not under command or
restricted in their maneuver,"153 they could be modified to cover
OTEC and incorporated into an OTEC convention.154 An acceptable alternative would be to require compliance with the Collision
Convention if it was amended to apply to OTEC devices.
Minimizing congestion and activity between OTEC plants and
ocean users competing with OTEC can further reduce the
probability of high seas collision.15 5 The Geneva Convention on
the Continental Shelf incorporated a safety zone concept in response to the threat of interference with traditional navigational
uses engendered by the placement of fixed installations in the
ocean.15 6 This provision served as the model for analogous provisions of the ODAS Draft Convention.157 Establishment of safety
zones around OTEC installations on the high seas would, however, raise the controversial issue of whether OTEC deployment
constituted high seas appropriation or a legitimate exercise of
freedom of the high seas.15 8 It was this same question of safety
151. Id. The Collision Convention defines vessel as including, "every description of water craft, including non-displacement craft and sea planes, used or capable of being used as a means of transportation on water." Id. Rule 3(a).
152. Faron, InternationalRegulatoryAspects of OTEC Development and Operation 158, in ASIL, INsTrrIoNAL, LEGAL, PoLrncAL AND INSTrrUTONAL ASPECTS OF

OTEC DEMONSTRATION AND DEVELOPMENT (Final Report to the Department of Energy, December, 1978). See generally Collision Convention, supra note 149.
153. See, e.g., Collision Convention, supra note 149, Rule 27.
154. Compare Comments of the USSR on the Legal Status of Fixed Oceanographic Stations, in UNESCO, supra note 98, at 30.
155. See Faron, supra note 152, at 160.
156. Continental Shelf Convention, supra note 42, art. 5. In order to avoid unjustifiable interference with navigation, fishing, conservation or scientific research
resulting from natural resource exploration and exploitation on the continental
shelf, a coastal state may "construct and maintain or operate on the continental
shelf installations and other devices necessary for its exploration and the exploitation of its natural resources, and to establish safety zones around such installations and devices and to take in those zones measures necessary for their
protection. The safety zones referred to ... may extend to a distance of 500 metres around the installations and other devices which have been erected, measured from each point of their outer edge. Ships of all nationalities must respect
these safety zones." Id. See KNIGHT, NYHART & STEIN, supra note 34, at 63; see
also ICNT, supra note 53, art. 60.
157. PAPADAKis, supra note 6, at 262.

158. It is not unlikely that the physical attachment of OTEC installations to the
high seas floor would be considered anything other than an appropriation of the
high seas. Surrounding such installations with safety zones creates the additional
implication that moored OTEC plants are intended to remain at their fixed location for an indefinite period. Compare PAPADAKIS, supra note 6, at 263. "[A] fixed
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zone provisions in the ODAS Convention that resulted in their
qualified inclusion in that Convention. 59 Nonetheless, assuming
that OTEC plants were deployed on the high seas, either through
international acquiescence or compromise, the immediate area
surrounding these installations should be cordoned off from high
60
seas traffic.
An alternative approach to the fixed safety zone may be required where moored or dynamically positioned OTEC's are incapable of being restrained to a specific location.16' One alternative
that has been suggested is a "watch circle."' 62 Under this approach, the entire area in which a moored OTEC would likely be
63
encountered by a vessel would be indicated on a nautical chart.1
By equipping OTEC plants with audible, visual or electronic
warning devices, a vessel would be able to avoid them when it encroached upon a recognized "watch area."' 6 4 This same approach
has already been adopted for moored ODAS installations.1 65
installation . . .cannot be treated as an island in order to appropriate permanently a portion of the high seas and to claim a territorial sea around it. It should
also be constructed with reasonable regard for the interests of other participants."
RAO, THE PUBLIC ORDER OF OCEAN RESOURCES 150 (1975). "In judging the legitimacy of fixed installations in the high seas, a crucial requirement is evidence of
reasonable regard for the inclusive community interests. To measure compliance
with this requirement decision-makers examine several contextual factors.
Among them are the objective sought, the location and extent of the area required,
the duration of the intended occupation, the scope and nature of the rights
claimed, and the degree to which others are affected." Id. at 151.
159. PAPADAKIS, supra note 6, at 262.
160. Compare Draft Convention on ODAS, art. 1(1), supra note 99, at 198. This
article provides for the creation of safety zones only around certain types of
ODAS. Similarly, provision for safety zones would only apply to non-grazing
OTEC plants.
161. Knight, supra note 34, at 64. The force of prevailing winds and currents
could move an OTEC plant moored to the deep seabed about its moorings over a
large ocean area.
162. Id.
163. Id.
164. Id.
165. UNESCO, supra note 98, at 39. The ODAS Convention provides that the
[p] osition [of ODAS permanently attached to the seabed and rising above
the sea surface] should be marked on the charts and information [concerning safety] should be promulgated as required ....

[Ilnformation

concerning oceanographic stations which represent a danger to... navigation (position, size, safe distances to be observed and other important
characteristics) should be promulgated to mariners through the usual
channels (notices to mariners, radio warnings, etc.). The LO.C. might also
use other means to ensure the widest possible promulgation of such information especially to fishing interests of the countries concerned.
Id.

The necessity for maintaining communications among ocean
users to ensure safety at sea is recognized by traditional international law and should also apply to OTEC.166 A comprehensive

system of communications is central to an operative OTEC regime.167 Grazing OTEC's would require some form of positionfixing devices, such as radar or radio compass,168 to maintain their
allocation assignments in designated user regions.169 A coordinated system of navigational guidance for OTEC users and nonOTEC vessels may also be required to implement the collision
avoidance provisions of an OTEC regime.170 Existing systems for
maintaining communications among maritime users would probably be adequate to serve the needs of OTEC.171 Nevertheless, an

OTEC-specific communications system would seem a more appropriate means for implementing a grazing OTEC high seas allocation system. OTEC-specific communications could be used by an
overseeing body to track and chart the position of grazing OTEC
plants to ensure that these users were not operating outside assigned user regions. It could also be used to meet notification requirements akin to those required in Article 8 of the ODAS
Convention.172
The foregoing briefly highlights several specific approaches and
regime alternatives in the realm of navigation, safety and collision
avoidance which may be integrated into an OTEC convention.
Despite any efforts which may be made to forestall occurrences of
unintentional interference with OTEC devices on the high seas,
collisions will inevitably occur. Consequently, provision must
also be made for settling disputes, determining fault and assessing damages related to liability for coUlision. 173
166. See, e.g., High Seas Convention, supra note 42, art. 10.
167. Faron, supra note 152, at 170.
168. See id. at 169.
169. See text accompanying notes 132-133 supra.
170. Faron, supra note 152.
171. See generally id. at 169-70; Bender, INMARSAT Plans, SEA TECHNOLOGY,
May 1980, at 16.
172. PADAmxIs, supra note 6, at 198. Article 8 of the ODAS Convention provides that notice of deployment, activities and information concerning ODAS
should be provided to proper authorities of the state of registry for publication according to the provisions of Annex L Id.
173. Compare ODAS Convention, art. 13.
The trends in decision relating to the conflicts involving navigational...
interests may be either preventive or remedial and may be either restorative or redemptive. The development of traffic separation schemes aimed
at channeling vessels along a fixed route may be mentioned among the
trends in decision that attempt to prevent collisions between vessels and
between vessels and mineral installations. Once collisions occur, a second
category of decisions comes into play, and these are aimed at allocating
liability among the parties involved on the basis of which damages are redeemed.
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CONCLUSION

The availability, usage, and development of energy, which has
long been taken for granted, now commands world attention.174 It
is commonly recognized that traditional fossil fuels are not inexhaustible, and that nuclear power is not the panacea it was once
thought to be.175

Clearly, new and cleaner energy sources must

be developed. 7 6 OTEC offers energy developers a realistic alternative energy source which is capable of significantly reducing
global energy dependence in decades to come. 77
The favorable aspects of operating OTEC plants near the equator together with jurisdictional limitations that prevent foreign
OTEC operation landward of the EEZ without coastal state consent, will impel OTEC deployment on the high seas. An effective
regulatory mechanism will ultimately be needed to manage the
large scale use of OTEC on the high seas. Fragmented ocean
management, characterized by a haphazard matrix of ocean arrangements, causes conflict and can noticeably interfere with productive ocean uses.178

Establishment

of an OTEC-specific

regulatory authority would obviate any such lack of cohesiveness
or coordination in the regulation of this novel technology.
Apart from the concerns over space allocation and collision
avoidance which have been discussed, there are many other areas
of regulation that must be addressed in an OTEC regime. In each
one of these areas there are existing arrangements which may be
drawn from for guidance toward drafting an OTEC arrangement
once a suitable structural framework is drawn. TelecommunicaRAo, supra, note 158, at 139. The IOC Group of Experts, in examining alternatives
for collision liability schemes for ODAS, concluded that this area "may best commend itself for clarification by international convention for the establishment of
fixed and readily determinable rules to apply in all national courts." UNESCO,
supra note 98, at 14. Toward effecting their conclusions in the ODAS Convention,
draft article 13 oiv'collision liability seeks to prescribe rules for collision between
ODAS and vessels on a fault concept, with particular attention on alleviating the
problem of gathering evidence. PAPADAs, supra note 6, at 245.
174. J. Kindt, Offshore Siting of NuclearPower Plants, 8 OCEAN DEVELOPMENT
AND INT'L L 57, 89 nn.14, 19 (1980).
175. Id. at 58 n.1 and accompanying text
176. Id.
177. "[OTEC] could supply a significant fraction of the world's energy needs in
the year 2000."

Dugger, Francis & Avery, supra note 11, at 1. On the domestic

front, it has been advanced that OTEC "could provide up to 10% of total U.S. energy needs in the year 2000, and perhaps 50% by 2020." Id.
178. E. Miles, The Management of Marine Regions in the North Pacific, 6 OCEAN
DEV.AND INT'L L. vii 1979.

tions and ODAS regimes suggest alternative arrangements upon
which an OTEC regime could be modeled. These regimes demonstrate how unique and technically complex systems operating in
new frontiers in the use of space are capable of being regulated
on an international level under a unified regulatory arrangement.
The revolution in the use of ocean space will continue to accelerate, and thus requires formulation of new international policies
and mechanisms for management of ocean resources and ocean
space. OTEC may well be at the forefront of change in the patterns of ocean use. In prudent anticipation of OTEC's debut on
the high seas, work toward creating arrangements for the international regulation of ocean thermal energy conversion should in79
deed begin now.'

GARY ALAN HECKER

179. Nanda, supra note 45, at 288.

